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Antibodv Response of Humirans to the Cil-CLmsporozoite
Protein of I'lasfldilm l'ivaxv

IfFl.>N 1). FRANKF,1 (';RN1UN M. LUC(AS.' \NI) FRVIN SAIN ROMAN,

t Vc\t th'd.a! k. %cant ht In 1 fiutllt a ~i'iL~a i.htV ' andi 0)1 cillt'1,11a PI'r'emn
( otytttttrfjttfl )1 PI't'r. -1 t/tttlN. Mt 1-11:

We st tdied thfe interaction of s.era tfromi residents ola it area in nort hern Peru where iia malaria is endemic
w~ith four recombinant l)NA-derived circolnsporoiioite (CS) proteins of Plaxvtnodium vivr'a. The antigens used
in the enii me-linked iminunfosorhent assay included one Esclwrichia coli-produced and three Saccharomyces
ceretisioae-prolucedl recombinant proteins. , 'liree of tlieproteins CNS I,, V20i, Vivax-I. and Vivax-2) contain the
entire central repeat region of the 1P. iivax CS protein, and one protein (V'ivax-31 contains only two repeat
sequences. Viiax- I. Viiax-2. and Via-c,iniairi different length-s of sequences flanking the repeats. A higher
percentage of the sera t' A antihodies to Viva\-2 and Viltax-3. file tw~o proteins containing the longest nonrepeat
sequences. than to N IrIV2I oir Vivalt-1I. Children less [half 5 years of age did not have immunoglobulin G

antihodies. to .S~~2l te ad antibodies lt Viia \-I, Vivax-2. and Vivax-3. The finding that
indii iduals lilting in a ialaria4rendleric area priiduce antihodie% to peptides containing nonrepeat regions of the
CS protein emnphasize% thfe needI to characteri/e thle ininiuine response to the%,, regions in naturally exposed and
eltperinientallt, imnrunniied humians.r

I h .~rcrni'rtt~t 11,r (St rpIcl 'till Pt I'I 1"im/ t ta ar. I here '.'ere no report,, ilt 1. flciparum infections fin
ha. heen Odcntjticd! t'. a r-,ic mn -icn tilt A Imman milari:l Ic'.idcn;'. during the 6~ %cars thilt record,, were kept. The

Fc ill [tie:irr'.c ( S philcln ilt I n,) tI 1 '.' mii'i' lic.alence kt' mnalaria ivas highe'.t in children between thec
In Ji i nd :ktn!,rIlll .Ctl1,: lCt'0il ,4 tIdCnI rcpc.[;' .1 wtt :,' of4 I lnti 4)i17' ; ,ide po'.iti\,: and lo..'tin adult'. t -11
nlinL ant1Iri.' Jtcid ' N c1Cnc dC'[t2nl.l1Ck rIi'ut'.1 I al

1 II 11 %C01' 11 '.de positivei All int.cctiom wvere cansed h'.' by1

:Liik the: icret''. 111, j: C ath i, 'i I'tttlt'iic %;i' NPc:ill a . [mil I ririiinnttbilt (I t-l 0t an ihotv lterf to hi'.,t Mati
.4 VI I'f .. ccrilca.iuii '1% itn indlirectnmiiti.i'tCt

k I tiutl~kI I hi. 015L" ' 1i *r )' - 11 l ,ti id1 1''.' I itc H l o 0011 ik l i t i C ier' I -1 -32 1 Inie.ascd
1i ' , :,I ,II I .1,1iit it:C. l 01 Ih. : it Pi: [I '.' fill %'.s kift : f tho'.e I tit ) 'ear'. oid -antd 54' ; t thiose P

lowti Petr~iitr N-~ C lttii..1I il-it car'. told hAd atntibodies.
I lic'.e totitr tiIl' l flt (tii l ititI iciiwrtt. t't Ili I [ hc presence at specific 1i2(G i thodie'. against the re%:nIl
111,A]L~IC. III ti i11iiii0ii aclif N'S I Xii -tirtiKiinc biiioit (*S protein'. %%'as. ktcterniined h% tin cn/%jne-inkcd

aridt I rendk~. P''ec~it.1. n.'n.a '%i 1-lra. cIds ti1trM irniiriiio'.rbcrit a'.sa% t IIISA) p ro cedure ic modtied fron;
the iani uculprotciii 1 l 111in /l, It lirn' ti 11C N-tci - tha atl Win/ et at. t(M. Brieti'. each serimn saniple U-11

tit '. ia'. lc \'.:\ \I'. \~ irdXi'.. ' ii n'. p~iter tlninitilon-2: fDvnatcch. C'hantilly Va.) ecUk -41";
- (Chiron (.'rpoiration. lier'. iltc. ( ahii tiar ieic-irilIn~tIIIct l N SI,;V\20. Viv '. *jf-. Viv\- ail a~ linCe

_______ pritlut'.e\pre'.'.ed intcrnidI' in S- . hma,w- ci,, 11104, rrioii ti ~c'l and1( in, tliilIc %\'ell, ' itholt .intigcv
- 7 V'.:i-icontain'. rhC c:irtct.p'1 ci p; Whenl rc'.tn'. tor afiriodie'. !1, \'iva.- 1. Vi\ '. '.11f0

Amnino ACId'. preettrrw, 11 tic i etai and -18 .iii, acd'

- ~ nkn the*, ..I at t 2 Ili ftic hlockii'iw btler an *rii~t'cni dihtient. The opticil JIN'i

*icitk at the ca'' trmnlcod 41, \V'.av. ditfii I 011 to icee II''I'.' ven re )l t -0 in aheiic60 mn.';f 111Cimt'.a

= \'i'..%;i\.2 in that it tttrrr' a d tioi.l ;-I a.iiio icid' it 111c..it int'' toi iitrii ' 're'ie steO
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TABLE 1. Positive lsG antibody resonses to four antigens Table 2. Inhibition was considered stgnitit~ant when it wi-representing the P. vil-ax CS protein 45% or greater. Homologous proteins inhibited binding 82 to

Age t~vt No. tested ----- The reactivity of two serum samples with) antibodies only
-NSt,,V20 Vjvax-t VjvaX.2. Vjvax-3 to Vivax-3 wvas inhibited by preincubation witl) the homolo-

1-4 44 0 9 14 21 gous CS protein but not with heterologwr . rotcin The
5973 It) 12 12 20 reactivity Of~.Crtin samples positive for Vivax-I and Vivax-3
*101 3 Wt IW 19 25 was inhibited by preincubation of these sera with either

-11324 22 27 19 protein bitt no with NSI,,V20. In serum %ample% positiveTotal 311 16 15 20 21 for all four proteins, binding to NSl,,1 V20 or- Vivax-1 was
inhibited by preineubation with NS1 ,,1 V20 or Vivax-1 but not
with Vivax-3 -binding to Vivax-3 was inhibited by preincuba-

kence of lg6 antibodies to all proteins except Vivax-3. None tion with Vivax-3 and, for two serum samples to a lesser
of the children 4 years of age and younger had IgG antibodies extent, by Vivax-1. The observation that NSI,,V20 and. for
to NS1, 1V20, whereas they did have antibodies to Vivax-I, some sera. Vivax-1 are unable to inhibit binding to Vivax-3
Vivax-2. and Vivax-3. Overall, a higher percentage of the SUggests that these antibodies are directed against epitoptes
serum samples had antibodies to Vivax-? and Vivax-3 than outside the repeats that are not present in NSI,,V20 or
to NSIXIV2O or Vivax-1. Only 3% of the samples had Vivax-1. Nonrepeat regions are absent from NSI,,V20, and
antibodies to all four proteins. Four percent of the samples Vivax-1 contains a shorter nonrepeat sequence than
had antibodies to the three proteins containing the complete Vivax-3. It is unlikely that antibodies were directed against a
repeat region hut did not have antibodies to Vivax-3. Six,-. contamninant present in Vivax-1 of Vivax-3, because serum
percent of the samples with antibodies to Vivax-3 also ha' samples from individuals with no exposure to malaria did not
antibodies to at least one of the other three proteins. have antibodies to these proteins.

To determine the specificity of the antibody reactions. [he results of the present study indicate that individuals
selected serum samples were tested in an inhibition ELISA. living in a malaria-endemic area produce antibodies to
Serum samples diluted 1:100 were incubated with 40 ig ol, recombinant proteins containing the repeat and nonrepeat
either Vivax-1, Vivax-3. or NS1,,,V2() per ml or with block- reg~ions of the CS protein of' /., r'ir'x. Data presented here
ing butrer for 2 hf at IT~C, Vivax-2 was not tested in thi suggest that at least some of these antibodies wvere directed
assay. Antibodv levels to each recombinant CS protein vkcrc zigainst cpitopes in the nonrepeat i-egion of' the CS prulein.
determined in the preincubhated serumr samples wiit, 'I The pert-entace of inflividu.rls wvith ]gG antihodie, lt vivax-2
ELIISA. [lhe percentage of inhibition of binding by each and Vi~iax-3. the two recombinant CS proteins containing
protein was caculated as the mean OD of serum samples the longvest nonrepeat sequences. was greater than the per-
preincubated with a protein divided by the mean 01) (it centage %tith antibodies to the protein containing only the
triplicate serum samr'es preincubated with blocking buffei. repeats iNS1,, 1V20i or the protein containing the shortest
.nuitipiied by 100. The results of these assays are shown ini 1noniepeart scquence (Vivax-D . Children below the age oif' 5

%:_Ars did not have lg( antibodies lt N SI,,%20: however. 9.
11 21 Att these children hadi lg.!G atibodies it) \ivwx-1.

I ALE A 2. Inhibition ot binding oft sei t Wianli,!.ac - .Ik -2. And Vias-.re-,pectivek~. I fie low pre\ ;1leiice oit
htom1!0L0US and heterologrous, ",ntign -,iiiibdie, ito NS111 L 1 0t could he e~plained b tile possible

Anii~.wi
2

;~ seum ,cntnhm~tu~i~presence in our -stud% area ot variant C S repeats, stich ats that
Anllhotic__ bynn Ane Ihbt , eotdh Rosenberg et al. t8) for I'. riiix fronm Thailand.
~-"~r iJISA . ti unlikel% that thie antibodies meastured in the El ISA

wekre directed against at yeast :oniaminant~ in Vivax-lI
\'iv-a -, on1% I tE1m 1OmV;s- 1 Viv ax-2. and Vivax-3. because serum samnples obtained from

IfT07individuals xx iih no hitorv vf =1;ir:,infa id not have
antibodies to the Yeast-derived proteins. Furthermore, in

Vivx-t. -2. and 1i EP 1062 Viva\-l 99 9 serum samples, with antibodies to all four recombinant
-3oltVivax-3 97 97 proteins. Vivax-3 was tunable to inhibit binding ito Vivias. I ort

111:1106 N't%, i.\ -1 V5NS 1,,V21) t(riv x-2 %sas not tested). stuggesting thle presenice
1t~~tn,,Viss-i~' 7 ~ .2 of' multilple antigenic sie% in the repeat region and outside

\'iva:-3 1)3 96 It the repeats, in the sequences that are absent fromt NSI,,V20
HUPASIVivit- 14 56and \'ivax-1 . It is possible that confornmational differences

VI~tX Vi 16't 52 - 1 6 exist among thle four recombinant proteins and that eritore
~Vi5;~3  ~arc optimally exposedl in protein-, containing longer nonl-

-S,,2 and JILPlu77 Vivax-l 10 1 1s ;epeat sequences,.

Va-2, v.-.1 it-1 Prev ious sItidies have deosrtdthat tentirepie'd
and -I NS,,V:0 14141 14 i14 egions of the C S protein o1* P.Abmi, afte ifil[tillttogellic Mn

St. 11 eseicirlellall immuni/ed monkex Is (9) and iabibits, it)),
Ill i t-i Vs,~-t ~ I H cenixl it %kai lim% that someiiaii 1111101ls1 In in1,1lar ia.

Visa- " ~-endemilic .1feas piothivC antihodies lt leejion 1 t'. -cel
NS11 -1, 11 i t-pitopes, inl the v icinity ofit reg vii ' If t. benident tied IN

~~ 1.1 ~~~ ~~ ~~.'. ,,~(; tL:C Ct al. 031. \%flio used mieittnne1d' t typ1td
l i t f i tt l i c i- \. r.I i t $ i l 1 !wed e i i p n x

iiltcvtmf I iims~itme ito it' k I. it i It \ Im N I



2838 NOTES .

lain an amino acid sequence that promotes the adhesion of a 4, McCulchai,, T. F., A. A. L.al, V. I. de Ia Crut, I. I. ,liff-,.
variety of human hematopoietic cell lines (6). W. L. Maloy, Y. Charoenvil, R. I.. ik.udoin. P. (Currj.. H+

In order to precisely define the epitopes to which the Wistar, S. L. Iloffman, W. T. flockme'r, %,. F.. (ollia*. aMd
antibodies in the Peruvian serum samples are directed, it will D. Wirth. 1985. Sequence of the immunimlonh n nt cp:t,!o
be necessary to determine responses to a series of peptides for the surtace protein on sporo/oites of i'J;.,,
containing overlapping sequences covering the repeat and Science 230:1381-1383.
nonrepeat regions. The results of the present study empha- 5. Nardin, E. HI., P. J. Barr, F. lelmer, and II M. Ettingrr. 110#

Genetic restriction of the murine huriioral respon e to ,a icr .

size the need to further characterize the immune response to binant iPlaetmdiun vivax circum sporo/6ile protein Ir J
the nonrepeat regions in naturally exposed and experimen- Immunol. 18:l119--1122.
tally immunized humans. 6. Rich, K. A., F. W. George IV, J. I.. Lat. and %*. J. Martio

1990. Cell-adhesive motif in region If of majlarial circurnp ,.:,
The expert technical assistance of Adolfo Tovar and Marlene zoite protein. Science 249:1574-1577.
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